This paper presents stochastic projections for 13 categories of social spending in New Zealand over the period 2011-2061. These projections are based on detailed demographic estimates covering fertility, migration and mortality disaggregated by single year of age and gender. Distributional parameters are incorporated for all of the major variables, and are used to build up probabilistic projections for social expenditure as a share of GDP using simulation methods, following Creedy and Scobie (2005) . Emphasis is placed on the considerable uncertainty involved in projecting future expenditure levels.
provide an indication of the kind of stresses that could arise. There will inevitably be responses to those changes, including 'general equilibrium' types of response arising, for example, from changes in wage rates resulting from labour market pressures. While they cannot therefore be treated as forecasts, projections can stimulate and inform further analyses, considering for example whether market responses may be expected to mitigate or exacerbate the anticipated pressures.
Particular concern has been expressed regarding the consequences of the demographic transition in progress in New Zealand as in many industrialised countries. This involves the ageing of the baby-boom generations and, more importantly, continued reductions in fertility and especially mortality, with the latter producing the phenomenon of the 'ageing of the aged'. The fact that most types of social expenditure are age related makes this category of government expenditure a particularly important area of investigation. Of course, the present transition is merely one stage in earlier extensive demographic transitions experienced by developed economies. Furthermore, there have been very large changes in tax and expenditure ratios that have been quite independent of demographic changes. 2 In view of the uncertainty that is inevitably involved in making projections, it is important to provide some indication of the potential range of values which could arise. Indeed, in considering possible policy action, and in particular the timing of such intervention (which may include tax smoothing in anticipation of higher future government expenditure), it is important to have some idea of the probability of future contingencies as well as their possible size. 3 One approach is to consider a number of alternative 'scenarios', characterised by, for example, high labour force participation or higher mortality rates. However, there is no way to attach probabilities to such alternatives, and in the present context there are many parameters to consider. The starting point of the present stochastic approach is to regard 2 See, for example, contributions collected in Creedy (1995) and Creedy and Guest (2007) .
2 the parameters (fertility, labour force participation rates, age specific per capita expenditures, and so on) as being characterised by a distribution, rather than being fixed values. A large number of projections of the variables of interest (such as total social expenditure in relation to GDP) can thus be made, in each case taking a random draw from each of the specified distributions. This kind of 'Monte Carlo' approach thereby generates a distribution of values in each year of the projection period, whose properties can be examined. The method used here is based closely on the earlier work of Creedy and Scobie (2005) . 4 In specifying the form of the distribution (along with, say, the mean and standard deviation) of each relevant parameter, Creedy and Scobie (2005) used information about its past variability, which clearly involved the collection and analysis of a great deal of data. This was helped by, among other things, the existence of the Long Term Data Series, which was compiled within the Treasury. As this data series has not been maintained and regularly updated in more recent years (having been transferred to Statistics New Zealand), the present paper makes use of the growth rates and standard deviations obtained by Creedy and Scobie (2005) . However, as indicated below, these were modified to some extent, either by 'rounding' a number of values or by using a priori assumptions.
5
Section 2 briefly describes the framework of analysis: for details see Appendix A. Section 3 presents the benchmark results. Sensitivity analyses are reported in Section 4.
Conclusions are in Section 5.
T h e p r o j e c t i o n m o d e l
This section provides a brief description of the projection model: further details are given in Appendix A. 6 Exogenous age-specific and gender-specific rates are used and, as mentioned above, no allowance is made for possible feedback effects, which may for example be generated by general equilibrium changes in price and wage rates, or endogenous policy responses.
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For example, see Auerbach and Hassett (2000) , and on tax smoothing see Davis and Fabling (2002) .
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That paper produced the first stochastic demographic and expenditure projections for New Zealand and provides a discussion of alternative approaches and related literature.
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The use of a priori values is examined in detail in Creedy and Alvarado (1998) . They obtained stochastic projections of social expenditure for Australia but did not, unlike Creedy and Scobie (2005) and the present paper, combine these with stochastic population projections.
6
This section borrows heavily from Creedy and Scobie (2005) .
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The sequence of calculations is set out in Figure 1 , where the grey boxes represent input data. The first stage is the production of projections for the size of the population, together with its distribution by age and gender. This requires projections of trends in fertility, mortality and net migration. Projected labour force participation rates are then combined with age and gender specific unemployment rates to generate the size of the workforce. This is multiplied by average productivity per worker to obtain GDP.
Figure 1 The Structure of the Model
Social expenditures per capita are combined with population (by age and gender) to obtain total social expenditure on each of 13 categories for each age and gender group.
These categories are listed in Appendix Tables 4 and 5. The resulting total social expenditure is finally expressed as a share of projected GDP.
In moving through the sequence of calculations, a random draw from the distribution of each variable is made, as explained below. This process is repeated 5000 times, to produce a distribution of the social expenditure ratio for each projection year. The process therefore also generates distributions of the population by age and gender, as well as for each category of social expenditure.
Consider a relevant variable, X , which could be, for example, an unemployment rate, a fertility rate for women of a given age, or an item of social expenditure. In cases where the variable may take positive or negative values, it is assumed to be normally distributed.
Where a variable is necessarily positive, and the distribution is positively skewed, the distribution is assumed to be lognormal. The assumption of lognormality was also made, for example, by Alho (1997) and Creedy and Alvarado (1998 Where a variable is normally distributed with mean and variance μ and σ² respectively, X is distributed as N(μ,σ²). If r represents a random drawing from N(0,1), a simulated value, x , can be obtained using x r     . In the lognormal case,  and 2  refer to the mean and variance of logarithms. A random draw from a lognormal distribution is given by
Each social expenditure projection is associated with its own demographic structure. The populations are necessarily derived using single-year age groups, but when calculating social expenditures and employment, some age grouping is necessary in view of the more limited data available for these variables.
The growth rates and standard deviations used in Creedy and Scobie (2005) were based on considerable information about past trends and the variability in several hundred fertility rates, mortality rates, migration rates, male/female birth ratios, labour force participation rates, unemployment rates and major categories of social expenditure. Their growth rates and standard deviations were estimated from the following regression:
Where t y is per capita expenditure in the relevant category at time t and t u is an error term. This specification implies an estimated constant growth rate of, ˆ. Furthermore, One limitation of the approach is the assumption of independence, whereby in any year the random draw for any variable/age is independent of draws for other variables/age groups. For example, it does not allow for changes which may systematically affect mortality rates of all age groups. Positive correlations would tend to increase the confidence intervals beyond those obtained below.
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This form is a simplified form of the more general Box-Jenkins type of time series specification used by Lee and Tuljapurkar (2000) .
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The use of past variability to reflect future uncertainty is of course just one possible approach. The same model could be used with a priori assumptions about the distributions, based on a combination of past information and a range of considerations concerning views of the future; see Creedy and Alvarado (1998) .
6 components of the model were adapted from Creedy and Scobie (2005) , in view of the lack of more recent data.
B e n c h m a r k r e s u l t s
This section presents the benchmark projections for the distribution of social expenditure as a proportion of GDP. The essential features are that all social expenditures are assumed to grow in real terms at 1.5 per cent per year, the same rate as labour productivity. The results therefore refer to a 'pure ageing' assumption. Immigration is based on the average over recent years of 14,500 net immigrants each year (with total annual immigration of 82,500). Changes in mortality rates are assumed to continue (at values given in Table 1 of Appendix B) for 15 years, after which they remain constant.
Changes in labour force participation rates, taken from Creedy and Scobie (2005) , are assumed to apply for 10 years. Fertility rates are assumed to change for 10 years, after which no further changes in these rates are projected. The standard deviation of productivity growth is assumed to be 0.02, reflecting a high degree of uncertainty about this variable.
For the social expenditure categories, the standard deviations (in each age, gender and expenditure category) were set at 0.05 for each category and age group and gender. Figure 2 shows the projected population pyramids for ten-year intervals over the 50-year projection period (for plotting purposes, the results are arranged into 5-year age groups).
The figures actually show the arithmetic mean values of the various distributions. As expected, the population projections are associated with a relatively small degree of uncertainty, in that the confidence intervals around the mean values are very small. For this reason they are not shown here. These summary values were produced for ten-year intervals rather than each year of the projection period, to reduce computer run-times.
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As in the previous analysis, the mean and median were found to be similar. 7 most striking feature of Figure 3 is the increasing uncertainty regarding the social expenditure ratio.
As with earlier projections, the arithmetic mean ratio of total social expenditure to GDP increases relatively sharply from around 2020, as a result of the movement of the post World War II baby boomers into retirement and old age. In Creedy and Scobie (2005) the projected profile of this ratio becomes stable by around 2040. In the present case the mean ratio falls very slightly after this date. Given the assumption that mean per capita growth rates of social expenditure are the same as that of (mean) productivity growth, the profiles are affected largely by the changing age composition over time. The slight reduction in the projected mean expenditure ratio in later years therefore seems to be explained by the fact that the baby boom generations will have all died by that time.
However, given the large degree of uncertainty (the high dispersion in the distribution of the expenditure ratio), these reductions cannot be treated as statistically 'significant'.
The generally lower average social expenditure ratio in the present case is not explained by the much higher annual value of net immigration, compared with the earlier results (which were based on a long term average of only 5,000 (associated with gross immigration of 60,000), a value that has been substantially exceeded since 2001). 13 Higher immigration has very little effect, although it must be recognised that in the present model migrants are assumed to acquire existing New Zealand mortality, fertility and labour force participation characteristics as soon as they arrive (along with entitlements to benefits). And although the average age of immigrants is slightly lower than that of the New Zealand population, there are of course substantial numbers of migrants in the older age groups. Comparisons with earlier results are not exact because the 14 social expenditure categories used by Creedy and Scobie (2005) are not precisely the same as the 13 categories used here, in view of data limitations. 14 The question of whether higher net immigration can to some extent substitute for higher fertility is examined in detail in the context of Australia by Creedy and Alvarado (1998b) , who allow for 'assimilation' to take several generations. They found relatively small effects. In each case the mean is plotted, along with two standard deviations either side of it. Health includes the five health categories aggregated; these are personal health, public health, mental health, DSS older, and DSS under 65. Education includes the two categories, primary and tertiary education. 15 The largest degree of uncertainty relates to unemployment benefits, since in this case the uncertainty also includes the age and gender-specific unemployment rates. Unemployment costs per capita are illustrated in Figure 6 . 15 Early childhood education is excluded here, although recent policy changes have increased its importance. First, it is of interest to examine the implications of having a higher age of eligibility for NZ Superannuation. The full effects cannot be modelled explicitly, but suppose that the age of eligibility is raised, for males and females, to aged 70. 16 To reflect this increase, the NZS costs per capita were changed: for males and females in age groups from 60 to 69 these were reduced to zero. For the age group 70-74 the annual per capita costs were changed to 10000 and 12000 for males and females respectively. Associated with these changes, the labour force participation rates for males in age groups 55-59, 60-64, 65-69, and 70-74 were changed to 0.9, 0.9, 0.75 and 0.1 respectively. For females in the corresponding groups the rates were increased to 0.8, 0.8, 0.75 and 0.1.
A related modification is a change to the assumed length of time over which mortality declines. This was changed from 15 to 30 years. The age-related health costs (DSS Older) for age groups from 50 to 64 were also reduced to zero. The modifications to labour force participation and health costs were, for simplicity, assumed to operate immediately. This modification from the benchmark case is thus one in which people continue to live longer, but this extra length of life is associated with improved health and hence also higher labour force participation. The extra longevity ultimately leads to higher stocks of retired individuals, though this is mitigated to some extent by the assumed higher labour force participation, which raises GDP.
The projected distribution of the ratio of social expenditure to GDP is shown in Figure 7 . It is clear that these more optimistic assumptions imply a downward shift in the distribution, although the spread of values (between the 5 th and 95 th percentiles) remains similar to that of the benchmark case. 
For further exploration of this model, see Creedy (1995) . where c′ is the transpose of the vector c. Equations (A 2 ) to (A 5 ) can be used to make population projections, for assumed migration levels.
The per capita social expenditures are placed in a matrix, S, with N rows and k columns, where there are k items of social expenditure and the i , j th element ij s is the per capita cost of the j th type of social expenditure in the i th age group. Suppose the j th social expenditure is expected to grow in real terms at the annual rate j  in each age group. Then define t g as the k -element column vector whose j th element is equal to
Aggregate social expenditure at , , t C t is thus:
Expenditure per person in each category and age differs for males and females, so that (A 6 ) is suitably expanded. 18 Projections of Gross Domestic Product depend on: initial productivity (GDP per employed person); productivity growth; employment rates; participation rates; and the population of working age. Total employment is the product of the population, participation rates and the employment rate. Employment is calculated by multiplying the labour utilisation rate by the labour force. If t U is the total unemployment rate in period t , the utilisation rate is
The aggregate unemployment rate is calculated by dividing the total number of unemployed persons, t V , by the total labour force, t L . The value of t V is calculated by multiplying the age distribution of unemployment rates by the age distribution of the labour force, where these differ according to both age and sex.
Let vectors m U and f U be the age distributions of male and female unemployment rates. If  represents diagonalisation (a vector is written as the leading diagonal of a square matrix with other elements zero) unemployment in period t is:
The labour force, t L , is:
Care needs to be taken with the treatment of unemployment costs per capita, because unemployment levels are endogenous (depending on unemployment rates, participation rates and the age structure). The unemployment costs per unemployed person in each age and gender group therefore need to be converted into per capita terms in each year.
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If productivity grows at the rate, θ, GDP t is the product of the utilisation rate,
, the labour force, t L , and productivity, so that:
A p p e n d i x B : T h e D a t a
Appendix 
Migration Migration
Notes: Standard deviation values have been adapted from those in Creedy and Scobie (2002) , and have been rounded to smooth out the variation between them. 
Appendix Table 3 Means and Standard Deviations of Unemployment and Labour Force Participation Rates

